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ACOUSTICAL HOLOGRAPHIC RECORDING WITH COHERENT
OPTICAL READOUT AND IMAGE PROCESSING

1. Introduction

The idea of applying thermoplastic material to the recording of acoustic holograms' has been recently investi-
gated.2™* It has been found that certain thermoplastic resins indeed have the capability of retention of acoustic
images. This report will present further findings in real-time, in-situ thermoplastic recording and retention of acoustic
holograms. A new acoustical wave recording device and its modified version are described in Section II. In the same
Section, basic operation principles including optical image reconstruction of the device as well as experimental
results are also presented. The modified device has a built-in two-dimensional ultrasonic diffraction grating similar in
principle to the onedimensional grid used previously.®

For image enhancement of the acoustic holograms, a few new coherent optical image processing techniques are
discussed in Section HI. The new techniques are based on new contact screens.® ” These techniques include equi-
densitometry, A-D conversion, and pseudo-color. Section IV is the conclusion which discusses the merit of the de-
vice, limitations of the system and recommends further work.

H. Acoustic Holographic Wave Memory Device (AWMD)
A new acoustical wave recording device was designed. The device can be used in real-time to record and retain
acoustical waves; their interference patterns, or the acoustical holographic images in an acoustical imaging system.

A. Device Design

The essential parts of the device can be illustrated with an example described below.

In Figure 1, 4 is a thin piece of supporting material that, ideally, should be almost transparent to acoustical
waves, e.g.. a thin piece of plexiglas. The purpose of part B is to enclose an area so that a uniform layer of thermo-
plastic resin (such as S-25, Foral 85, Foral 105, staybelite Ester 10 of Hercules Inc., Wilmington, Delaware, U.S.A.),
or any other material can be softened from its originally hardened state by elevating its temperature.

In Figure 2, Cis a piece of quartz, or thermally treated glass, or any piece of optically transparent material that is
coated by a thin uniform layer of electric resistive material such as indium oxide (In0) or tin oxide (Sn0) as indi-
cated by D. The thickness of D, usually around a few microns, determines the resistance of the material. At the two
opposite ends of C along the y-direction, electrodes £ are fixed and in contact to D so that a.c. or d.c. electric energy
can be applied to generate heat in D.

The finished AWMD is made by combining the parts in Figures 1 and 2 in the following manner:

Placing the part in Figure 1 horizontally with the thermoplastic layer facing up and covering it with the part
shown in Figure 2 with the electric resistive material facing down toward the thermoplastic material of Figure 1.
The x- and y-directions of Figures 1 and 2 should be aligned with each other respectively and the whole area of the
thermoplastic material should be closely covered. The edges should be totally sealed so that liquid cannot leak into
the device.

B. Operating Principle of the AWMD

(1) Interaction of ultrasound with the liquified surface.

In the acoustical holographic system shown in Figure 3, a reference beam of amplitude A, generated by the
reference transducer, is incident upon the surface (2=0) of the thermoplastic layer at an angle ¢,, while the object
beam with amplitude A}, is incident at any angle 8, with respect 1o the perpendicular to the surface and carries
an object-dependent phase 8(x,y). If the object is simple, such as a coarse grating structure, part of the beam gen-
erated by the object transducer may propagate through the object plane without being modulated by the object.
The portion of the beam with amplitude A, and incidence angle ¢, may be considered as a reference beam for the
hologram. These waves are listed below:

Reference beam No. I: R, A exp (k. y) . m
Object beam: 0- A exp [ jk.y + d(xyN] . )
Reference beam No. 2: R: . A.expl jk.y) . 3)
where
k, 27 sin. and k. 27 sinf. . “)
A A

and X 1s the wavelength of the acoustic wave.
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Acconding to the derivations, under appropriate conditions, given in Reference 2, the ripple patterns of the
liquid surtace that 1s represented by zg measured from the quilibrim plane (2=0) can be written as

2o 2ncon [ (h oy o | 5)
t 2B con (ko R
Py cos bk
wheie,
o AL ‘ (6)
mO et etk + KD
. A A, ‘ (7
;Mg etk bR
VAL (p e (8)
CEN AL AT (pen @

In the above equations. p is the density of the recording material; V is the velocity of sound in the medium and g is

the graviiational constant.,

The physical meaning of equation (5) is described below. There is a bulge of height 2y cos¢(x.y) + « in the
region where the acoustical wave is applied. Impressed upon this bulge are two interference patterns with the same
spattel wave number, k¢ + K. but different amplitudes 2o and 2. One of the patterns is different from the other by
a phase ¢(x.y). It the amplitude of the reference beam Number 1 is set equal to zero. then from Eqgs. (6) and (7) we
tind a=p=0 and & = (Agh® + Ao® )(p* g vs?). The bulge is slightly reduced in height, and the interference patterns
still exist. The object geometry still modifies the liquefied surface, in a similar way as in the case of an in-line holo-
gram. On the other hand, if the amplitude of the reference beam Number 2 is zero, Eq. (5) becomes

70 2ocos{ (ko t ROy T R] R (10)
where

AOCA AL (p“ g v ) .
tquation (10) represents the interference pattern resulting from a typical off-axis hologram.

(2)  Optical Reconstruction of Acoustical Surface Hologram

The detection of the acoustical hologram can be achieved by the technique of coherent optical image recon-
struction. Assume that a laser beam plane wave of amplitude Ag and wavelength A is normally incident (oblique
mcidence is also possible with additional complication in the mathematical manipulations) on the surface where the
acoustical hologram is recorded. The light beam is expressed by

(rh

1 ?LE\_' Kz

S A Age ()

D o -~ .
where h(= =2 is the wave number of the light wave.
A

Atter retlection trom the surface hologram, the amplitude s(z) is multiplied by a factor R and the phase of the
beam is modified by the added term 2 zg(x.y ), where zg(x.y) is in general given by Eq. (5). The reflected light beam
may then be written as

jkg (74 2x) Jik+ko)y s
S (xy) Re {r+i2[(akg +Bkgre + ykg le!
(ko +ky “”i
+i2[aky t Bkg)e + ykg ]e! . (a»
6
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The important part of Eq. (13) for the optical image reconstructior - the positive first order diffractior term,
or the tenm that contains e3®. The phase term is wlenti 1! (o that of the object beam given by Eq. (2), and the
amplitude Aop of the original ohtes ' Cai s also contained in a and y The tollowing two special cases are con-

sidered -

Cuse .
. O.sothatB8 0.y 0.
jkg (72 +2) ikt ka)y i
ST (xy)-)2Re [akge le -
Soxy) (14)

A spatwl Tilter can he placed in the Fourier plane and the term Sp) (2.y) can be isolated for the holographic
tage reconstiuction,
Case 2

A, 0 but A, # 0. this imples a8 0, hence

jkn(1+2i\') -
Sexat 2Rykge e J(b. (13)

The amphtude and phase of the object beam is still contained in Sy(x.y).

theretore the umage ot the in-line acoustical hologram can also be vptically reconstructed by the proper spatial

ity Process.

C.  An Alternative Design of the Device — Ultrasonic Grating Added AWMD (UGAWMD).

The m-hne hologeaphic images obtainable in the AWMD as described previously has a basic and serious draw-
back, re. the conversion of the optical phase variations into intensity variations do not adequately reproduce the
low spatial trequency part of the image. This is the reason that an angularly-offset acoustic reference beam is used in
the system. The tuncrion of the reference beam is to make the image information (including the low spatial tre-
quency portion) be modulated onto a high-spatial-frequency carrier,

The requirement of the additional ultrasonic reference beam, however, add other limitations to the system. The
reterence beam must be in coherence with the object beam: the reference beam must be uniform over the device
recording area. and finally, because of the necessity of the maintenance of a correct angle between the object and
the reterence beams, the positions of the lenses and object under test are restricted.

Fortunately . another method can be used to modulate the image information into a high-frequency spatial
carrier. kather a one-dimensional or g two-dimensional ultrasonic grating can be placed beneath the AWMD. We shall
ail the moditied structure UGAWMD. An example of the UGAWMD with a one-dimensional grating consisting of
alicraative strips of transmissive and attenuative material is illustrated in Figure 4. When the UGAWMD is used to
replace the AWMD in the acoustical holographic system, the reference beam transducer can be removed from the
systen.

In generall the acoustic amplitude transmission function of a two-dimensional periodic grating structure of
opaque bars ot width d and periods W along the x- and y-direction can be written as

o0
I (xy) {rcct(_"_)"[ x 5(x-nW)]}

W-d
o
frect( Y )* [ X 8(y-nW)]| x
'Cl oC (‘(\)
where
‘.I x| <12
rect (X)
lo. 1x] >12. (17)
and
sl.x 0
& (x)
lo .« 20 (18)

‘




The radiation pressure ot the acoustic waves caused by the object transducer alone is given by

p(x.y) = T(xy) I0+R> > /(pVs? ). (19)

where p 1 the density of the thermoplastic or any other recording matenal and Vg s the veloaty of sound.
Substututing O and R from s, (1) and (2) mto kg, (19), the radiation pressure of the wave mcident at the
igquid surtace becomes

plxy) IL‘_L)[ Aw+ Ad 4+ 2A AL cos (XN )] (20)
oV
TRANSPARENT
HEATER
L —_] AWMD

(LT L

ELEMENT

Figure 4. UGAWMD with a one-dimensional ultrasonic grating element.

The solution for the ripple pattern becomes much more complicated because of the additional term T(x.y) in
Eq. (20). However, an assumption can be made to obtain some physical insight to this problem. It is assumed that
the grating pattern is approximately reproduced on the liquid surtace. Then the pattern at the Fourier plane of the
optical imaging lens is the Fourier transform ot the diffraction grating pattern convolving with the image ripple
pattern ot the object under test. For example, in case that the reference beam is zero, part of the object image
pattern has been previously described by Eq. (15). The Fourier transtorin of Eqg. (16) can be written as

Y

(Texw)]f ¥ 6¢F .0,
AW 5
n._-o<

.Lexp Cikfyexp{ X x, 7 ) (W-d )sinc[M-‘_']}]
JAf j2f Af

o0 N N
[ 8 6(FE -y S exp(iktexp[ Xy
AW AT jof

n -o°

(W-d)sine[(( WD yoply '.
Af




when o s an integer, ¥ is the focal length of the Fourier imaging lens, xp: and yg denotes the Cartesian coordinates at
the Founer plane. After the convolution operation the intensity of the n-th order diffraction terms centered at

X 'ﬂ B (22)
w and

oo DAM, (23) ;
w :

will be proportional to the obgect image pattern and the term n? sin? |nm(] - 9]- Obviously, the most important
contritbution is due to the first order term where n = * | since the second order term will have % the value of the
first order term.
The advantage of the diffracting effect of the acoustical gratings is oftset by the fact that the gratings will un-
avoudably reduce the total acoustical energy tor the creation of the image recording on the liquid surface. Neverthe- J
less. the stmplification of the system as a result of the omission of the object beam transducer makes the UGAWMD
4 much improved device tor the acoustical imaging system.

D). Experimental Results

Various objects are being tested in the acoustic holographic system as shown in Figure 5.

Expernmental results have been obtained both for the regular AWMD and the UGAWMD. These results are pre-
senied as tollows:

11 AWMD: 1
E
Recordings by AWMD of a metal washer and stripes of tapes arranged in triangular form and mounted on a
plastic board is shown in Figure 6. As shown in the figure, the length of each of the tapes is approximately 2 inches.
Thermoplastic S-25 with softening temperature of 25°C is used in the AWMD. The optical image of the recording '1

area of the device is shown in Figure 7. Positioning of the device and the fabrication of the device are not optimized.
The recardings of the image of the test object of Figure 6 by the S-25 AWMD at 20°C and without any heating is
detected optically and shown in Figure 8(a). It is worthwhile to mention that the reference beam is not used and
spatial filtering at the Fourier plane ot the optical lens is not performed when this photograph is taken. The cap-
ability ot the retention of the image is shown in Figure 8(b); the image is still visible 2 minutes after the turning-
oft of the acoustic waves. For comparison, the optical image of the water surface in-line hologram of the same test
object is shown in Fig. 9. It has been observed that the water surface hologram has little stability and has no memory
capability at all.
(2) UGAWMD:

An example of the UGAWMD discussed previously is realized by attaching a window screen beneath the AWMD.,
The actual dimension and the details of a corner of the UGAWMD are shown in Fig. 10. The spatial frequency of the
J-dimensional grating is approximately 1,25 cm™

The UGAWMD is first filled with water to an approximate thickness ot 50um. The reference beam is turned off
winle the optical reconstruction of the acoustic image is recorded, The image with all orders present is shown in Fig.
LH(a). When the sero-order is blocked, the image is shown in Fig. 11(b). The speckle patterns of Fig. 11(a) are due to
the ultrasomie grating which in this case is the window screen. 4

For the purpose of exploring the possibility of using other recording media, Crisco couking oil and Wilson corn

il have been used in the UGAWMD. Crisco ail freezes at room temperature. It has the possibility of making a
permanent recording although this has not been observed in the laboratory up to date. Nevertheless, it has been
proved that recording ot holographic images can be done when it is in the liquified state. Also, it has been found that
Wilson corn o1l seems to be a better recording material than water in making recordings in UGAWMD. A handle as
shown in Fig. 12(a) is used as the test object. Optical image reconstruction of the acoustical hologram is shown in ;'
Fig. 12(b). It can be scen that the caved-in portion of the plastic handle appeared to be brighter in the image. A
SOum Wilson oil is used in the UGAWMD. 1t can be seen that the diffraction gratings are imaged much more clearly
when the oil is used than in the case when water is used.
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1l.  Applications of New Coherent Optical Image Processing Techniques to the Reconstructed Acoustical Holo-
graphic images

One main problem of acoustical holography 1s the poor resolution of the reconstructed image. Although elec-
tronic scanning methods have gained high signal-to-noise ratios in inage reconstructon, the time required to scan
over the total image arca makes the method impractical especially n the detection of @ moving obgect. The acoustical
unages recorded by the AWMD and UGAWMD ay shown in thie previous section have demonstrated the need for
better spatial tiftering arrangement.

Spatial tiltening schemes can be apphed in the post mmupe processing region as enclosed by dotted ines i kg, S
Optwal filters such as stops and phase retarders can be mserted n the tocal plane of the imaging lens. Both lingar
and quadratic phase-contrast modes of optical filters can be used. The linear mode can produce smages ot greiter
brightness: the quadratic mode. on the vther hand. can make the gnd stiucture fess distincunve to the eyc.

Llectronic digital signal processing techniques can also be applied for the image enhancement of the optically
reconstructed image. However, the sequentia) processing method is ume consunung. This drawback often offsets its
merit of high flexibility.

In this Section, a few new methuds of optical filtening based on contact screens will be discussed. These methods |
should be wetul for the image enhancement, and suppression of noise in acoustical holographic images. The methods 1
mclude equidensitometry, A-D conversion, and pseudo-color by coherent optical filtenng. Al of the methods utilize
the non-linearity generated by the use of the contact screens. A detuiled description is given below.

A. Equidensitometry

The contact screen technique, similar to that which is being widely used in the printing industry, has recently
proved to be useful in achieving monotonic and non-monotonic nonlineur characteristics in a coherent optical data
provessing system. {n the printing industry two-dimensional halftone commercial screens are used. The screen has a
clusely packed matrix of small dots, each with a pre-determined density profile. However, for nonlinear optical data
processing applications, only one-dimensional halftone screens, or petiodic line structures are needed. A special
simple example of these screens is the Ronchi ruling, which has periodic equal-width opaque straight bars imprinted
on « transparent glass plate. The spacing between any two bars is of the sume width as the opaque bar.

A fundamental difficulty in the nonlinear optical data processing work is the design and tabrication of the half-
tone screens. A new and simple method for the fabrication of multilivel contact screens is described herein as well as
the way they are used in achieving equidensitometry, optical A-D conversion and pseudo-color.

(1) The fabrication of the contact screens
The following two approaches can be used to fabricate a contact screen.
(1) Assume that there is available a one-dimensional mask which has a periodic intensity transmittance function T(x)
of period 4. i.e., T(x) = T(x+a), and
Tx) =1, 0<x<uy/N

=0 , a/N<x<ua, (24)
where Nz 2
In the making of the contact screen, a low-y negative film is placed below, and in close contact with, the mask. The
fitm can be made to traverse along the x-direction by means of 4 translation stage while the mask 1s nixed. At an
mitial position of the film, the mask and film are exposed by 4 uniform incoherent light source for s ume 1Al
the exposure the film is translated along the x-direction for a distance a/N. A second exposure of duration "2 is made.
The process of stepping a distance a/N and exposing for a time 7 goes on until the (n-1 translation and Nth
exposure are completed. The spatial distribution of exposure becomes

Ex) =p% | (i-)a/N<x <ia/N , (25)
where 1 = 1.2, .. .. N _and pis the local average light power per unit area. 1f E(x) is located in the linear tegion of
the Hurtei-Driffield (H&D) curve, the developed filin will have a density distribution I(x) expressed as

D(x) =y log E(x) - Dg . (26)

where v is the slupe of the linear region of the curve, and -Dyy is the extrapolated value of density where the straight-
line approximation would meet the D-axis. On the other hand, il some of E(x) werse in the non-linear region of the
H&D curve of the film, Eq. (26) can no longer be applied over the whole range. In this latter case, a pre-calibration
of the exposures can be used assure that the desired density levels are achieved. The advantage of the approach
described above is that various values of 7 can be used to shape the periodic density distribution of the contact
screen to any predetermined form.

(i) If the original one-dimensional periodic mask has an inteasity transmittance function T(x), like that of a
Ronchi ruling shown in Fig. 13(a). it can be descnbed by Eq. (24) with N = 2. A different translationexposure pro-
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cess can now be used in order to obtain @ multi-level contact screen. An example 1s given in Fig. 13, where a three
level sacen s generated. With the Ronchi taling placed in close contact with an Agta 10E56 photographic plate, a
tinst exposure by an incoherent hight source 1« made. Then the plate is translated an amount Ax = a/3, and a second
exvposut 1s made. After the photographic plate 1s developed, its density profile will be as shown in Fig. 13(¢). The
tree evels o density are D= Dy tfog level). 1)) and Da. The density profile can be described as

IXx) = D{xta) \ and
Dy = Dy N 0<x<ua/6and
al2<x<€24/3 .,
= D» alo<x<afl ,
= Dy . /3<x<y . (27)

The deiisities Dy and D> are dependent on the exposure and development times used. Even if the exposure times are
ciual und the expsoure isn the linear region, Dy # 2D in general, due to the term Dg in Eq. (26). Hence D) and
D> can only be determined either by pre-culibration or by microdensitometer measurement after the fact. The
method can be extended to fabricate an N-level screen simply by translating the film plate (N-2) times through a
distance /N for each (N-1) exposure. The density profile of the developed film may be controlled by the exposure
tmes mvolved

Both ot the approaches described above require relatively unsophisticated equipment. The step size of the screen
is contiolled by the accuracy of the translation stage.
(2)  The production of high-order contours (or equidensitometry)

(i)  Principle of contact screen photograph fabrication,

o the apphceation of the contact screen method to produce contours of constant brightness on a continuous
tone phutogiaph, the first step is to produce a contact screen photograph of the original object. This can be done
by simply contact prinung the original photograph or photographic image (such as the acoustic holographic image)
through the contact screen on a high-y (high contrast) copying film. The exposure of the film for a time interval
" produces an exposure detined by

By ) = p ot tol-DeO-Dpxy)] (28)

where D(x) and l)p(x.y ) are the density distributions of the contact screen and the continuous tone image, respec-
tively.

The copying tilm has a4 threshold level £y such that after the development of the exposed film the transmittance
af the tilm will be o binary-type function. Assuming that the y of the film is very large, the transmittance of film
culv beoawnitten as

Iy = 1 by <y
=0, kxy)zE . (29)

The above equation mdicates that the original continuous-tone photograph (or image) is converted to a spatially
modulated binary photograph. The modulated photograph of the original object is called the contact screen photo-
graph.

By control of the exposure level, pTin Eq. (28). a variety of mappings of picture density into halftone line widths
can be achieved. The maximum number of different widths in any contact screen photograph can not be greater
than the number of gray levels of the contact screen,

(ii) Principle of contour generation

The contact screen photograph is placed in the input plane of a coherent optical data processing system, as
shown in Fig. 14. The laser light is first spatially filtered by a conventional pin-hole spatial filter, and collimated by
the lens. L. The contact screen photograph is placed at the object plane of the lens, Ly, and a multitude of diffrac-
tion orders from the quasi-periodic input appear in the focal plane. Any particular order of diffraction can be singled
out at the Fourier plane of the lens Ly by a translatable thin slit spatial filter. The output is then re-transformed by
lens L3, producing a filtered image in its focal plane.
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Figure 13. A three level contact screen produced by one translation of a Ronchi Ruling mask and two exposures.

(aj Ronchi Ruling transmittance function with no translation, The period isa. A first exposure is
inade at this position,

{b) Ronchi Ruling transmittance with ’,“1 translation of the film plate of & x = af3. A second exposure

Is made at this position.
{¢) Density function of the resulted contact screen due to the exposures through the Ronchi
Ruling.
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Ui wavelenyon and geometnical tactors are amitted tor danty, the ntorder sutpul mmtensity at the Founer

pl\mc [
by = SI st by? (i0)
A m J
and the normalized nth order vutpul may be wiitten as
= g2 gl N7 .
|n‘2’ = n'n ln(-g) =yn? b (3

where 2> Land bos the width of the opague Times bra s 1 The zero order output may he witten as
=01 2r (32)

Equations (301 €32) are denived using the assumpuon that an mtimite number of penodic opaque hines ot width b
and periad a gare 1n the object plne. In reality. it a sutficiently large number of the opaque lines exists i a certain
weea, these equations may be considered as good approxunations so that no alissing phenomenon should prevail.
B. Analog-to-Digital Conversion

The pranaple of opucal A-D conversion can be demounstrated as possible by vsing three difterent orders of 4 single
contact sereen, provided the three output images fall upon hard-clipping detectors.

Consider @ penodic halttone screen of period a and intensity transmittance

\0. 0<x<al,. (33)
Tex)

(lu.i+(n-“ﬂ<xsi+ﬂ
2 14 2 14

wheren = 1.2, .7 | T, are positive constants less than 1, and Ty, <Ty if iy < n.

This contact screen can be used in the system to perform analog-to- digital conversion when the first, third, and
seventh order outputs are used. Eight levels of digitization (3 bits) can be achieved. This example cun easily be
ilustrated with the help of Fig. 15, where the normalized outputs [} . [3 . and {7 as descibed in kq. (31} are
plotted torz < bja < 1. The level 1y, is the hard-clipping detection threshold whuch 1s common to the three normal-
ized vutputs, where the halftone bar width are marked. Tlus threshold 1s naturally different for the corresponding
unmoralized outputs, 1, given in Eq. (30). The scheme is to set the output bits 1g). Iga, and I3, respectively to 1 if
I 2 (1/n ). 132 (197 N, and 17 2 (1/497%)1y3,, and otherwise to zero. The corresponding bit-plane outputs
are shown in (a'), (b'), and (<) of Fig. 7 with digital outputs of (1,1.1), (1,1,0). ({1,0.1}, (1.60),(0.1,1),(0.1.0).
(0.0.1). and (0,0.0) in an orderly manner.

C. Pseudo-color:
From research results in optometry, it has been concluded that the human visual systeni can discriminate simul-

tancously only 15 to 20 gray levels from a complex black and white image. However, if the same image is presented
in full color. the visually distinguishable levels can be increased enormously, up to hundreds or even thousands of
different levels. Because of this increased resolution, techniques have been developed to encode color on black and
white images such as radiographic, radioisotope scanning, and electron microscopic images. This encoding enhances
the possihility of recognition or detection of the details of the images. The mapping of the black and white intensi-
ties into the three primary colors, i.e., blue, green, and red, is called pseudocolor encoding. This technique can defin-
itely be used to enhance the acoustical holographic iimages.
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The basic prnaple of the new pscudo-color encoding process 1s selective mixing of the colored outputs of the
high difftaction orders of a contact screen photograph or transparency in a coherent optical system. The contact-
screen photograph is placed also in the object plane of a coherent optical system which has three colinear laser
beams, each associated with a pnmary color. The pseudo-colonng of the picture can be achieved simply by selective
mixmg the hugh diffraction order outputs generated by each laser. White light source with color filters can also be
used.

It is readily shown that the Fourier plane intensities for unit intensity input incident on the contact screen photo-
graph may be expressed in a more detailed form by

I = (b )? sine? (nmb
" xr) sinc® ( " )
- { a? sin2nmb (34)
AT 0%’

where A s the wavelength of the laser,  is the focal length of the umaging lens, and n denotes 4 nonzero paositive
inteper representing the order of diffraction.

In the coherent optical system, lasers of the three primary colors, blue (B). green (G). and red (R), are used, with
therr wavelengths respectively denoted by Ag, A, and AR, and collimated beam intensities expressed by Ig. I¢;, and
IR. For cach color, any desired diffraction order may be selected, and the three resulting color images can be re-
corded on a color film, or displayed simultaneously on a screen or by means of a color television monitor. If ¢ m,
and n denote the selected diffraction orders, the total intensity at a particular location of the output image, corre-
sponding to the region where periodic opaque bars of width (a-b) are found in the half-tone photograph, may be
given by

oM’ 1 gy tmb 4 lea® 1 g mab
A“."‘J 9.:": a A“.‘f.‘ m.‘”! a
+ a1 g nmb
Arf n17r' a4
et {lond + didd (35)
where
'n‘j‘:: L a sin arxb .
AT R a : (36)
lw = b @7 ip? _mmb
AT mir a (37)
and o= o @ gin® _nwb
At n a (38)

To dlustrate the meanings of Eqgs. (36)38) graphically, the functions Igg, Iy, and IRy, are plotted with respect
1o b/a(0 < b/a < 1) in Fig. 16 for €= 1, m = 2, n = 4, and pre-chosen values of 1g, I;, and Ig. A particular value of
b/a = 0.4 and ils corresponding outpul intensities are marked as an example to show that the intensities of the three
primary colors can be determined from these curves for a given region of the original picture. The net color, as a
result of the nuxture of these primaries, can be determined from a CIE chromaticity diagram. Naturally, the mixing
of the three primaries does not have to be limited to the one-color-one-order assignment as given in Eq. (35). Any
number of diffraction orders may be assigned to any color and different laser intensities may also be easily con-
trolled by an attenuator. These features show that the new pseudo-color encoder has considerable flexibility.
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IV,  Conclusion

A ew gooustic wave oty device its operating prinaiple, and expenmental results have been presented
Fhe noveity o the device meludes.
(A) The AWMD can make tesl-time m sttu recordug. retention,and display af acouste waves, the interterence ot
the same, and acoustie holograms,
iB) e the recordimg phase. heating ol the thermoplastic matenial or any other matetiad that can he soltencd by
biewt, tust bewis trom the top faver of the matenal comading with the focanion while the recordimg of the gcousti
ntormatton tikes place As o comsequence, a relatively thick layer of thermoplastic matenal can be gpplicd it ne.
[SNIAY
PO Avarteny of thesmeplastic natenals with ditterent sotteming temperatures caiv be used 1n the device
(D) A vaneny of heatig mechansms can be used ton the heating and sottenmy ot the recordmy miatenal o
enatple. w addinon o the electnge resistive heatimy method descrbed i Sectton g collunated beam ot g heat
Vanp ot an mtraned Liser can be apphed to the top suntace of the recording layer,
by Ehe size and shape of the AWMD can be tulored to fitmto g vaniety of acoustic wave niaging systeims
() The ploaalss support can be replaced by any other sturdy support that is transpaent 1o acoustic waves of
seleciad tregquenaes apphed ma system.
Gt the electne heating s replaced by collimated radiation heatig, any optically transparent top caver can be
used toreplace the electne tesistive materat coated quartz o heat resistant glass.
(Hy The top cover can protect the thermoplastic from getting contanunated by dust or other hquad (such as water)
patticles, and also keep the thermoplastic warm since the cover seives as a theimal insulator,

tu . Lhition, when the AWMD s modified by placing an ultrasonie diftraction grating immediately underncath the
Pottom of tie devee. the teference beam can be onutted and the test object can be placed directly under the
device This wall nrerease the usetul aperture of detection and the flexibility of the detectuion geometry,

Fxpernmental aesults have shown the capability of these devices 1 achieving their desired obectives although
mare work wili be needed for i refined device to satistying reabstic testing requirement.

For the enhuncement ot the acoustical holographic images, a few new coherent optical mage processing techni-
ques based on new contact sereens lave been presented. These techniques mclude equidensitometry. A-D conversion
and preudo-color, Not presented and sull need-to-be studied 1s the technmque of loganthme tiltenmyg which can
temove the multphcative nose m the image torm the signal and thus greatly enhance the signal-to-nose ration and
the resotution of the mages. The mam advantage of optical over the existing digital techniyue 1s processing speed
Theretore real-time oputical spatial filtermg techmyues should be studied for the improvement of the acousticdl
HILIEE S,

lit addition, future work in getting the quantitative data on the diftraction efticiency, resolution, recording time.
memory e, recording temperature, erasing temperature, recording sensitivity, substrate thickness, and recording
medium thickness should be mvestigated before the device can be well-designed. Thermal sensiive materials such as
Criscoo] used i the experimient ieported should also be explored for the device and ultrasonic gating structures
should be studred as well,

Ongce the device s made practical it has great potential in HNDT for mihtary, mdustnial, and medical apphesnions
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